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Abstract
We nd that the mixture of Ramond-Ramond elds and Neveu-Schwarz two form are trans-
formed as Majorana spinors under the T-duality group O(d; d). The Ramond-Ramond eld
transformation under the group O(d; d) is realized in a simple form by using the spinor rep-
resentation. The Ramond-Ramond eld transformation rule obtained by Bergshoe etal is




The transformation of the elds from Neveu-Schwarz (NS) sector under T-duality was well
established. The Ramond-Ramond (RR) eld transformation was rst given in [1]. The
authors in [1] got the RR eld transformation by identifying the same RR elds and RR moduli
in d = 9 supergravity coming from both ten dimensional type IIA and type IIB supergravity
theories compactied down to nine dimensions. Unfortunately this method gives only a specic
T-duality transformation, namely the Buscher’s T-duality transformation [2]. It is hard to
get the generalized T-duality group O(d; d) transformations by this method. Recently, Hassan
derived the RR eld transformation under SO(d; d) group by working on the worldsheet theory
[3]. The RR eld transformation under Buscher’s T-duality was also discussed by Cvetic,
Lu¨, Pope and Stelle using the Green-Schwarz formalism [4]. If we compactify the d = 9
supergravity further down to lower dimensions, we know that the lower dimensional solution
has O(d; d; R) transformation and how the NS elds which are assumed to be independent of
d coordinates are transformed under this group [5]. Therefore, we need to nd the RR eld
transformation under the general O(d; d; R) group.
The RR elds can be transformed as the Majorana-Weyl spinor of SO(d; d) [6]. The
spinor representation idea was further developed by Fukuma, Oota and Tamaka [7]. It is not
the RR potentials that transform as the Majorana-Weyl spinor of SO(d; d); it is the mixed
elds of RR potentials and NS-NS two form that transform as the Majorana-Weyl spinor of
SO(d; d). However, the full T-duality group is O(d; d), we expect to use the Majorana spinor
representation of O(d; d). Note also that SO(d; d) transformations can not interchange type
IIA and type IIB theories. In this paper, we use the Majorana spinor representation to show
the RR eld transformations between type IIA and type IIB under T-duality. By using the
Majorana spinor and the tensor representation of O(d; d; R) group, we can get more general
solution generating rules.
We dene the R-R potentials Cp+1 = (1=(p + 1)!) C1:::p+1 dx
1 ^    ^ dxp+1 . Following
the denition given by [7], we dene the new mixed elds as
D0  C0; D1  C1;
D2  C2 + B2 ^ C0; D3  C3 + B2 ^ C1;
D4  C4 + 12B2 ^ C2 + 12B2 ^ B2 ^ C0:
(1)








More explicitly, we have
F1 = dD0; F2 = dD1;
F3 = dD2 − B2 ^ dD0; F4 = dD3 − B2 ^ dD1;
F5 = dD4 − B2 ^ dD2 + 12B2 ^B2 ^ dD0:
(3)





p−gp!g11    gppF1pF1p: (4)
2
2 d = 10 Type IIA and Type IIB Reduction to d = 9
















d10xB2 ^ dC3 ^ dC3;
(5)
where H3 = dB2, F2 = dC1 = dD1, F4 = dC3 + H3 ^ C1 = dD3 − B2 ^ dD1 and the subscript
number of a form denotes the degree of the form. Now we dimensionally reduce the action






















R(g) + 4g@@− e−2g@e@e












e2 = Gxx; g = G −GxxA(1) A(1) ; (8a)
A(1) = GxGxx; A
(2)
 = Bx (8b)
A = D − A(1) Dx; F i = @A(i) − @A(i) ; (8c)




 − 12A(1) A(2) ; B(2) = Dx; (8d)










2 − B(1)2 ^ dDx + 12A(2)1 ^ A(1)1 ^ dDx − A(2)1 ^ (F2 + F (1)2 Dx); (8g)
F4 = dD3 −B(1)2 ^ dD1 + 12A(1)1 ^A(2)1 ^ dD1 + H(2)3 ^A(1)1 ; (8h)
and x is the compactied coordinate. Here we follow the general prescription of dimensional
reduction given in [9]. For example, the lower dimensional eld strength coming from the












c HMNP . The action (7) can be
obtained from the type IIB supergravity in ten dimensions also if we use the following vielbein















together with the following denitions,
e−2 = xx; g =  − xxA(2) A(2) ; (10a)
A(1) = x; A
(2)
 = xxx; D = Dx; (10b)
A = Dx − xD = Dx −A(1) D; (10c)
B(1) =  − 12A(1) A(2) + 12A(1) A(2) ; B(2) = D ; (10d)
 = ^− ln xx=4; D = Dx: (10e)













p− (jF1j2 + jF3j2 + 12jF5j2 + 14210
Z
d10x2 ^ dC4 ^ dC2;
(11)
together with the self dual constraint on F5. Now we can get the Buscher’s T-duality trans-
formations [2] from Eqs. (8a)-(8e) and Eqs. (10a)-(10e) as follows
~gxx = 1gxx; ~gx = Bxgxx; ~g = g − gxgx − BxBxgxx; (12a)
~Bx = gxgxx; ~B = B −Bxgx − Bxgxgxx; (12b)
~ = − 12 ln gxx; (12c)
~Dx = D; ~D = Dx; ~Dx = D ; ~D = Dx: (12d)
From the above transformation rules (12a)- (12d), we have the following transformations in
terms of the original R-R potentials,
~Cx = C; ~C = Cx + BxC; ~Cx = C + gxCx − gxCxgxx; (13a)
~C = Cx − 32B[C]x − 32Bx[C] − 6gx[BjxjC]xgxx: (13b)
In general, we should consider the O(d; d; R) transformations. The group element Ω of
O(d; d; R) satises

























where G = [Gij ] and B = [Bij ] are d by d matrices, i and j run over the compactied or
independent d coordinates. Let




A(2)m = Bm + BmnA
(1)n










g = G −GmnA(1)m A(1)n ; (18)
 = − 14 ln det(Gmn); (19)




m − 12A(1)m A(2)m − A(1)m BmnA(1)n ; (20)
where , Gm, G , Gmn, B^ , Bm and Bmn are the original NS elds. The O(d; d) transfor-
mations for the NS elds are
M ! ΩMΩT ; Ai ! ΩijAj; g ! g ;  ! ; B ! B : (21)
3 Spinor Representation
In this section, we will show that the RR elds transform as the Majorana spinors. We can




with T + T = T + T = 0, T + T = T + T = 1, , , and are d by d matrices. We can also show














1 − ei ei
ei 1 − ei

; (ei)jk = ijjk; (23)
where BT = −B, R 2 GL(d; R), i, j, and k = 1 , : : : , d. For the group O(d; d; Z), we need to
restrict the matrix elements to be integers. The Dirac matrices satisfy fΓr; Γsg = 2Jrs with
r and s = 1, : : : , 2d. Let
ai = Γd+i
p
2; ayi = Γi
p
2; i = 1; : : : ; d: (24)
Then we have fai, ayjg = ij1 , fai, ajg = fai, ayjg = 0. Dene the vacuum to be aij0i = 0, we
can get the representation (Fock) space as
ji = (ay1)i1    (ayd)idj0i; i1; : : : ; id = 0 or 1: (25)


























; R = Ri
j = exp(Ai
j): (29)
We choose + sign for the i operator. The new mixed D elds form a spinor as follows: for
d = 1,
 = (D; Dx);  = (D; Dx);
 = (D ; Dx);  = (D; Dx);
   ;
with ji = (j0i; ayj0i); for d = 2,
 = (D; Dx; Dy; Dxy);
 = (D; Dx; Dy; Dxy);
 = (D ; Dx; Dy; Dyx);
   ;





For instance, the spinor representation matrix of O(1; 1) for i is






From the spinor matrix (31), it is easy to get the Buscher’s T-duality transformations (12a)-
(12d), (13a) and (13b) by combining Eqs. (21) and (30). The spinor representation of SO(1; 1)
for ij is










The RR eld transformations are very simple in terms of the new mixed elds D. It is very
easy to see the RR eld transformations from the spinor representations. We can introduce
higher degree potentials and eld strengths with some constraints as shown in [7]. With the
extra potentials, the action for the RR and Chern-Simons terms can be written in a simple
way. This may suggest that the D elds are the nature RR potentials. We can apply the
transformation Eqs. (21) for the NS-NS elds and the transformation Eqs. (30) for the RR
elds to get more general solution generating rules.
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